The discarding of negative frequency solutions in a quantum field theory brings about the absence of antiparticles which, after all, means the violation of 4-inversion symmetry (x → −x, t → −t) which is a (improper) Lorentz transformation. Suppose you have a theory of quantum gravity which lacks the negative frequency solutions (like usually people have in quantum cosmology, invoking a superselection rule). Taking some limit in this theory in order to obtain the weak (or null) gravitational regime, the result is a theory that does not respect that symmetry and does not have place for antiparticles. That is, a theory of fields is not obtained, as it should be. For the case of a quantum cosmology model we show that if we ignore the negative frequency solutions, the rich processes of creation/annihilation of universes at the Planck scale, are lost. 
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I. DISCARDING NEGATIVE FREQUENCIES SOLUTIONS IN KLEIN-GORDON
We consider a free scalar field ψ satisfying the usual Klein-Gordon equation:
A general solution can be written as a sum of two terms:
being the first term the "positive frequency solution" and the second one the "negative frequency solution". As we know the energy E satisfy (for a given momentum p) the condition E 2 = p 2 + m 2 , i.e. it can have two values, ± (p 2 + m 2 ). In principle only positive values of E can have the physical significance of the energy of a free particle. But the negative values cannot be simply omitted: the general solution of the wave equation can be obtained only by superposing all its independent particular solutions, being the negative solutions re-interpreted in the formalism of second quantization.
We have a complete set of commuting observables given by the energy and the momentum:
As it is known, these are "even" operators which means that they transform positive frequency solutions in positive frequency solutions and negative frequency solutions in negative frequency solutions. This feature does not allow us, in any way, to dispense one of the sectors (say negative).
There is no selection rule that allows us to dispense with one of the sectors. If we did that (to discard a sector frequency), in first place there will be no room for antiparticles, which means the absence of the rich processes of creation and annihilation. In second place it would not be possible to satisfy completely the Lorentz symmetry, more precisely, it will be violated the four-dimensional inversion (which is a fourrotation with determinant = +1), since its fulfillment make necessary the simultaneous presence in the Eq. (2) of terms having both signs of E in the exponents: these signs are changed by the substitution t → −t(see [1] section 11.)
With this, a violation of CPT invariance would be arbitrarily introduced (see [1] section 13. )
Another way to see the problem is to analyze the process consisting in a particle propagating from space-time point x to space-time point y. The field ψ * (x) creates a particle at x, and ψ(y) destroys a particle at y. The amplitude for this process is given by 0|ψ(y)ψ * (x)|0 (5) and, at space-like separations (i.e. out of the light cone), it must vanish because no signal can propagate faster than light. Now, as we know ψ(y)|0 = 0, because the vacuum is annihilated by ψ, then if the commutator [ψ(y), ψ * (x)] vanishes for space-like separated regions, i.e
then the amplitude (5) will indeed vanish at space-like separations. In other words, (6) is a sufficient condition for the amplitude (5) vanish at space-like separations. In computing the commutator in (6) we can use the plane wave expansion for the field operators ψ and ψ * . If we assume that this expansion involves a sum over plane waves with only positive frequencies (as in the case of non relativistic free fields) then it is not mathematically possible to adjust the coefficients of those expansions in such a way that they verify (6), unless they commute identically for all the space-time. It is necessary to allow negative frequency plane waves in the field expansions in order to satisfy (6), i.e commutation at space-like separations but not everywhere. By discharging the negative frequencies leads to a violation of causality, [2] .
II. DISCARDING NEGATIVE FREQUENCIES SOLUTIONS IN QUANTUM GRAVITY
It has been claimed in many papers (some few examples are Refs. [4] [5] [6] [7] [8] ) that the Wheeler-DeWitt (WDW) approach to quantum cosmology [9, 10] does not solve the singularity problem of classical cosmology. This quite strong and general assertion can be criticized in many ways. In fact, a detailed investigation on this assertion was presented in [3] . There, two quantum interpretations approachs, "consistent histories' and "de Broglie-Bohm" were compared when applied to a simple cosmological model given by a spatially flat Friedmann model with a massless free scalar field, under two different quantization schemes: the Schrödinger-like quantization, which essentially takes the square-root of the resulting Klein-Gordon equation through the restriction to positive frequencies and their associated Newton-Wigner states, or the induced Klein-Gordon quantization, that allows both positive and negative frequencies together. In that paper, in particular it was shown that if one considers the de Broglie-Bohm theory, there are always states where quantum bounces occur in both quantization schemes. Hence the assertion that the Wheeler-DeWitt quantization does not solve the singularity problem in cosmology is not precise. To address this question, one must specify not only the quantum interpretation adopted but also the quantization scheme chosen. We refer the reader interested in this study to the above cited reference. Now, in this letter, we want to discuss the validity of the procedure, which involves working with a single sector of frequencies.
Here we outline the argument of reference [8] :In that reference is studied the WDW limit of Loop quantum cosmology (LQC) by working at the regime where effects of quantum discrete geometry can be neglected. The WDW equation obtained has the same form as the Klein-Gordon equation in a static space-time:
where the field φ plays the role of time and Θ of the spatial Laplacian.
A general solution is obtained as a superposition of positive and negative frequencies:
A complete set of Dirac Observables is given by
we quote verbatim from [8] :"' both these operators preserve the positive and negative frequency subspaces. Since they constitute a complete family of Dirac observables, we have superselection. In quantum theory we can restrict ourselves to one superselected sector. We focus on the positive frequency sector, and from now on, drop the suffix +."'
The restriction to positive frequencies sector through a "super-selection rule" allows build a Hilbert space "physical" which is the space of wave functions of positive frequency with finite norm (the norm given by equation (3.15) of [8] ). This may be correct from a mathematical point of view, especially because it allows them to show that the evolution WDW does not resolve the singularity (section III B of [8] ). However, from the physical point of view does not seem a good path to follow as this procedure have lost important physical characteristics associated with the existence of negative frequency solutions. Furthermore, the question of resolution WDW as is presented in [8] , seems to depend on the inclusion or non-inclusion of the negative frequencies.
In our work, following the Bohm-de Broglie interpretation, we were able to show that the singularity in WDW formalism can be avoided. In particular we obtained Bohmian trajectories corresponding to solutions of equation WDW of positive frequency, see figure 1 .
We can distinguish two kind of trajectories. The upper half of the figure contains trajectories describing bouncing universes while the lower half corresponds to universes that begins and ends in singular states ("big bang -big crunch" universe).
If we allows negative frequencies and positive frequencies in the solution, it is possible to observe the occurrence of cyclic universes which are given by oscillatory trajectories in φ, as we will see. In this case, if one wishes to interpret φ as time, this corresponds to creation and annihilation of expanding and contracting universes that exist for a very short duration. The field plot shows the family of trajectories for Bohm guidance equations associated to a wave functional with positive frequencies only. Two of them that describe their general behavior are depicted in solid line: the first representing a bouncing universe while the second one corresponds to a universe which begins and ends in singular states ("big bang -big crunch" universe).
In order to get an idea of how the inclusion of negative frequencies works in the behavior of solutions, we gradually introduce them. To do that we start with the general solution of the WDW equation, given by Eq. (49) of [3] (here we closely follow this reference)
with U and V being two arbitrary functions.
Here v l and v r are the null coordinates referring to "'left-moving"'(contracting) and "'righ-moving"'(expanding) respectively:
For our numerical analysis we take the arbitrary functions U (k) and V (k) as being the gaussians
then we have
We start choosing the values σ and d with σ << 1 and d ≥ 1. In this case the functions U (k) and V (k) are two sharply peaked gaussians centered at k = d and k = −d respectively (figure 2). Then the wave function (16) can be written very approximately as
which means a positive frequency solution (note that only positive signal exponent appears in exponential in φ).
If we increase sufficiently the parameter σ the two gaussians can no longer be considered almost disjoint but will begin to overlap ( figure 3 ). This means that the approximation (17) is no longer valid and negative frequencies will begin to be included in the integral.
As we continue to increase the parameter σ (width) more and more negative frequencies will be incorporated in the solution. We solved the "'Bohm guidance equations"' and obtained the bohmian trajectories for several increasing values or the parameter σ and for the same initial conditions. The results are depicted in figures from 4 to 8.
In figure 4 we have all positive frequencies, in figure 5 negative frequencies begin to exist, but not in quantity such as positive, in figure 6 we have a little more negative frequencies and so on until in figure 8 positive and negative frequencies appear alike, as would a general solution of the equation of WDW. In this last figure we observe the occurrence of cyclic universes where, as we said, we can interpret as processes of the creation and destruction of universes, if we accept φ fulfilling the role of a time.
This situation of creation and annihilation of universes is a typical feature of a relativistic quantum theory. After all, Wheeler-DeWitt equation already represent a second-quantized field theory. As such, it is expected that creationannihilation processes occur naturally. This fundamental processes are lost along the demonstration presented in the paper [8] , section III. U (k) and V (k) can no longer be considered almost disjoint but will begin to overlap. Negative frequencies will begin to be included in the integral. 
III. CONCLUSION
We have considered the procedure of discarding negative frequencies, usual in quantum cosmology and called "superselection". We were able to obtain the bohmian trajectories given by solutions of the Wheeler-DeWitt equation for a simple model. We consider initially a positive frequency solution and we have studied numerically the behavior of trajectories while were including the negative frequencies. We show that when the negative frequencies are considered on an equal footing than positive frequencies, as the general solution of any Klein-Gordon type equation requires, new processes, prior absent, appear: cyclic universes of Planckian size, which can be interpreted as processes of creation-annihilation. This is a natural feature of any quantum relativistic fields theory, which is lost if the negative frequencies are discarded, for example with a super-selection argument, as is common in the literature.
